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Fabrication Process Study of Silicon Nitride Passivation Layer on
GaAs Substrate at Low Temperature
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Abstract In order to obtain the excellent silicon nitride (SiN) films in AlGaAs laser, SiN films with different
deposition parameters are fabricated on GaAs substrate by plasma enhanced chemical vapor deposition
(PECVD) at low temperature. The residual stress, surface morphology and refractive index of these films are
investigated comprehensively by means of refractometer, atomic force microscope (AFM) and Fourier transform
infrared spectroscopy (FTIR). The results show that residual stress of SiN films increases with the deposition
power. An ultra low stress (6 MPa) is obtained at the pressure of 200 Pa. The AFM results show that the surface
roughness increases with the deposition power, while decreases with the deposition pressure. Both the
deposition power and the pressure have a weak effect on the refractive index. The refractive index of all these
films are 2.0~2.2. The FTIR results show that the H element exists in the film with the N-H bond. SiN films with
ultra low stress and good surface morphology can be obtained by selecting proper power and pressure at low
temperature.

Key words lasers; plasma enhanced chemical vapor depositoin; silicon nitride films; low temperature; residual
stress; surface roughness
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Table 1 Deposition parameters of SiN thin films

Temperature /C Power /W Pressure /Pa
150 50.100,150.,200.300 130
150 200 80.90.130.180.200.210
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Fig.1 Residual stress of SiN films as a function of Fig.2 Residual stress of SiN films as a function of
different deposition powers different deposition pressures
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Fig.3 AFM 3D images and surface roughness of SiN films deposited at different powers. (a) 50 W; (b) 100 W; (c) 200 W;

(d) change of surface roughness
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Fig.4 AFM 3D images and surface roughness of SiN films deposited under different pressures. (a) 90 Pa; (b) 180 Pa;
(c) 210 Pa; (d) change of surface roughness
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Fig.5b Refractive index of SiN films as a function of the different deposition powers and pressures.
(a) Different powers; (b) different pressures
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Fig.6 FTIR curves of the SiN films deposited at different conditions. (a) Different powers; (b) different pressures
3.5 ML

&7 Sy B IR AR [ T AR D 26T 9 A K R DL R TR Sy P Ze BT, oy BT 7 0] 1, BT R TR Y
DUR A Bl A TT0AR T A< 00 228 RT 1S DR o i 2 DA O O B 38 10K, STHL AT NHL 73 A 2 18 A frie 56 T iy 0K ) gl e
20, A [ R ) PN 37 F30 80 V5 T ) 7 S0K 00 o e g, A ) ST e BB JRE o AR S B A 7 e R S 1
— M ARE B AR AR R R A B R ORI B S o PR BR T A R RS i e A0 R A K Y
B ogbk o AR S W A 2 A0 P e 0 LR 7 3R 45% 76 3 inch GaAs o} i BB A1 40 A 1 9 A4S A T A5 A
AR JRE M) P o R 2 2 5 [ (e R B — e /INMED)/ (e R B+ B /IMED 1T A 3 oy TBT 7 Y T AR X 2 1 il
genl i, UL R AE 50 W E] 300 W iy 728 Ak Ji il Y, I A 27 ) PR3 A 4% LR o DLARII R GE £ 100 W ]
200 W 2 [a] i, 3 R 24 2 PR B4R 5, AR T 2%,

P&1 8 Sy A ik 5L A ) LAV T B9 A KOs AR AT AR S S Pt 2k 1 o AT b n] LA B, 78 R AR
h 80 Pa I, Z A Tk v I A A A N LT 00 M2 I A K A T A S DR B L T AR

031403-5



52, 031403(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

200 Pa Jii , B ARG A T WE . LR IE B 125106 492 B 0 B e 0 OO B /TR 5 T SR 0 ik 8 K 9
S SRR R L (L IR T (0 T R 0 i R R IN L t  BR A 4 T 2 I B  JL R AT
WA B 1 ) R BB e DBV B 200 Pas 48T T4 [ A kB 2 A B0 B 2 i T
AR W VLR A TR0 T e AT 8 T8 A A A e T L6, S A 4 2 4 B 25 L AL A Bk
T 2 (4 M5 4 7 T 22 7 R 1 5% L0 14

1.6 5 5
— 12t /4__,_\‘
L_m 14+ 2 4 T{n 1.0+ / — 4
E R = ) =
& 1.2+ < £S04l N
> 13 g =08 P /_) 13 E
£ 1.0 5061 y
g / - 12 ‘é § 04/ p— 12 ‘é
£ 0.8} 5 =he e 5
12}
S / S 0.2
806r * L 2 I
= R o

04— . . . . () . . - . - . - 0

50 100 150 200 250 300 80 100 120 140 160 180 120 220
Power /W Pressure /Pa
7 AU A v B P TORRE E B A Ve S ST RR I R O R K &1 8 AU A v I O AR B o Ve S TRV R A
Fig.7 Deposition rate and uniformity of SiN films as a Fig.8 Deposition rate and uniformity of SiN films as a

function of the deposition power function of the deposition pressure

4 % »

¥ PECVD J7 5 7E GaAs %) I i - F1 160 CIRIR 5514 T 6l & 7 A A T2 S 800 AL AR HER, 7 40 00 58
T UURR Ty 3R RS R R R AR A 1 ) 3R RS FE AT R A s A R ORI ST rE s e B . A R
S50« E Ak I 1 5 Ak I 0 B 2 TTORR ) SR 4 I TR AR R, A TR M 90 Pa g K F] 200 Pa kit
5430 7] M 538 MPa i fik 22 6 MPa. Pk 4 i 0 He , RN ) 0 F 0 A48 R o 260k ik 96 L 1) 3% T REL RS 2 i 75
TR Ty S 1 B2 w8 10 A8 K5 100 i o 10 AR A 1) i v T 9 /N o (0 AR g 38 A 30 B A ke 280 ke R ) T S5 23R 5 )
VIR K o AR D2 MR &5 DU B AL A RS AT S5 R I 7E 2.0~2.2 Z [H] . FTIR 45 £ 3% W] F AL ik 1
TS AE AT O N-H 4, PR sh B DU il 4R s o0 35 76 R [) Ty 30 00 A0 3 11 D 388 S ) T B 34 5 P 35 7
5%LL T o £k BRI, b T AR5 1 5 19 01k ik v IS B FH T AlGaAs OG 28 i, St 19 il & T2 S DU T R
50 W, JLFLSHE 200 Pa.

1 B Vogl, A M Slade, S C Pritchard. The use of silicon nitride in buried contact solar cells[J]. Sol Energ Mater & Sol C,
2001, 66(1): 17-25.

2 N Ishikura. Broadband rugate filters based on porous silicon[J]. Opt Mater, 2008, 31(1): 102-105.

3 A G Aberle. Overview on SiN surface passivation of crystalline silicon solar cells[J]. Sol Energ Mater Sol C, 2001, 65(1):
239-248.

4 J Yoo, S K Dhungel, J Yi. Properties of plasma enhanced chemical vapor deposited silicon nitride for the application in
multicrystalline silicon solar cells[J]. Thin Solid Films, 2007, 515(12): 5000-5003.

5J S Wei, P L Ong, F Tay, et al.. A new fabrication method of low stress PECVD SiN layers for biomedical applications
[J]. Thin Solid Films, 2008, 516(16): 5181-5188.

6 D H Kim, K S Oh, S Park. Design and analysis of a twisting—type thermal actuator for micromirrors[J]. J Mech Sci Technol,
2009, 23(6): 1536—1543.

7 Wang Ying, Shen Dezhen, Zhang Jiying, et al.. Influence of thermal annealing on the structural and optical properties of
Si-rich silicon nitride films[J]. Chinese Journal of Liquid Crystals and Displays, 2005, 20(1): 18-21.
£, R, TR Sk, S OB Ok ik A ek TR 1 45 R R O Y B2 R [J). VAR 5 8, 2005, 20(1): 18-21.

8 Wang Ying, Shen Dezhen, Zhang Jiying, et al.. Photoluminescence study of silicon nitride films with different Si—rich

degrees[J]. Chinese Journal of Liquid Crystals and Displays, 2005, 20(2): 103-106.

031403- 6



52, 031403(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

EOF, HEIR, SR S, A R R R [ B R A W Y e BOROE T SE[I]. W S R, 2005, 20(2): 103-106.
9 S Andrei, S Denis, N Arokia, et al.. Dielectric performance of low temperature silicon nitride films in a—-Si HTFTs[J]. J
Non-Cryst Solids, 2002, 299-302(2): 1360—-1364.
10 G Lavareda, D C Nunes, A Amaral, et al.. Dependence of TFT performance on the dielectric characteristics[J]. Thin
Solid Film, 2003, 427(1): 71-76.
11 Xie Zhenyu, Long Chunping, Deng Chaoyong, et al.. Effect of high deposition rate on chemical bonds and properties of
SiN film[J]. Chinese Journal of Liquid Crystals and Displays, 2007, 22(1): 26-31.
R T, AT, XBWI, A e AR AT v X A~ B R RE A S . A 5 7R, 2007, 22(1): 26-31.
12 Wang Shoukun, Sun Liang, Hao Zhaohui, et al.. Pin effect on SiN, and « —Si layer of thin film transistor[J]. Chinese Journal
of Liquid Crystals and Displays, 2012, 27(5): 613-617.
ESPI, PN S, AR A R SR X TET M T SN —SiBE ARE B R 0 [0, WA S R, 2012, 27(5): 613-617.
13 Zhong Gang, Hou Lifeng, Wang Xiaoman. High-power vertical-cavity surface—emitting laser with AIN film passivation
layer[J]. Chinese J Lasers, 2011, 38(9): 0902002.
Bl B, A7, FIGE S T AIN [REBE AR R Y i D AR T A S ROG AR (9] P O, 2011, 38(9): 0902002.
14 D L Wainstein, A I Kovalev, C Ducso, et al.. X-ray photoelectron spectroscopy investigations of Si in non—stoichiometric
SiN, LPCVD multilayered coatings[J]. Phys E, 2007, 38(2): 156-159.
15 M Molinari, H Rinnert, M Vergnat. Preparation of dense, smooth and homogeneous amorphous silicon nitride films by
nitrogen—-ion-beam assisted evaporation[J]. J Phys D: Appl Phys, 2008, 41(17): 175410.
16 F Rebib, E Tomasella, M Dubois, et al.. SiON, thin films deposited by reactive sputtering: Process study and structural
characterization[J]. Thin Solid Films, 2007, 515(7): 3480-3487.
17 Lin Juan, Yang Peizhi, Hua Qilin. Microstructure and luminous property of multilayer SiN./Si/SiN, thin films[J]. Acta
Optica Sinica, 2013, 33(2): 0231003.
MR, Bk, ARBUEE. £ )2 SINSYSIN.HE R Y i 45 1 K A e MERE [J]. JB 2 2 4R, 2013, 33(2): 0231003.
18 M Parvizian, F R Ashtari, A Goodarzi, et al.. Residual stress improvement of platinum thin film in Au/Pt/Ti/p— GaAs
ohmic contact by RF sputtering power[J]. Appl Surf Sci, 2012, 260: 77-79.
19 A Picciotto, A Bagolini, P Bellutti, et al.. Influence of interfaces density and thermal processes on mechanical stress of
PECVD silicon nitride[J]. Appl Surf Sci, 2009, 256(1): 251-255.
20 Zhang Yaoping, Zhang Yundong, Ling Ning, et al.. Finite element analysis based on the residual stress of thin film[J].
Laser & Optoelectronics Progress, 2005, 42(10): 23-26.
TR, sk i, B T, A MR ER A B A RIS T IS (9] OG5 6 T AR E g, 2005, 42(10): 23-26.
21 Zhang Siyu, Qiao Zhongliang, Zhou Lu, et al.. Ring semiconductor laser with multi-ring coupling structure[J]. Chinese J
Lasers, 2013, 40(2): 0202004.
RITEE, TR R, B, S WA 2 S R PO RO SR [I]. T EBOE, 2013, 40(2): 0202004,
22 Wang Lijie, Tong Cunzhu, Tian Sicong, et al.. A study of characteristics of asymmetric bragg reflection waveguide
diode lasers[J]. Laser & Optoelectronics Progress, 2013, 50(9): 091401.
TEWE AN, A AE AT, FEVIR, A5, A b FK A B0 A% 4 5 I 5 2 3 MOOE 2 B RRPERT 5T [J). 06 5 08 i 7 4 U, 2013, 50(9):
091401.
23 Dong Wei, Zuo Ran, Lai Xiaohui, et al.. Simulation of stresses in GaN thin film on sapphire[J]. Laser & Optoelectronics
Progress, 2013, 50(7): 073101.
MG, 2 SR BB, AR M A 2 GaN IR Y B D BELL M A [9). OGS 06 R TR, 2013, 50(7): 073101
24 B Karunagaran, S J Chung, S Velumani, et al.. Effect of rapid thermal annealing on the properties of PECVD SiN, thin
films[J]. Mater Chem Phys, 2007, 106(1): 130-133.
EERE: K

031403—- 7



